The most valuable lean cuts from Iberian pigs are the hams, forelegs, and loins, which yield high quality cured meat products. This study aimed to assess the correlation between body composition measurements taken in vivo by ultrasonography in Iberian pigs and those taken on the carcass, which were then used to develop predictive models to estimate the weight and yield of these cuts. Before slaughter, 241 Iberian pigs were weighed (slaughter BW) and ultrasonically scanned. Ultrasound images were collected at 3 locations: the 10th intercostal space, caudal to the last rib to image the loin muscle, and the rear gluteal region [ultrasound gluteal backfat (u-GBF)]. After slaughter, the weight of the carcass (CW), ham (HW), foreleg (FW), and loin (LW) were determined, and the sum of these lean cuts weights (CLPW) and the corresponding yields were calculated. A portion of loin with the associated bones, backfat, and skin was obtained by cutting the carcass between the 10th and last ribs and was used to measure, at the 10th (10) and last (14) rib locations, the total backfat thickness, the area of the loin muscle (c-LA), and the thickness of the 4 backfat (BF) layers, namely, the outer (c-OBF), middle (c-MBF), outer plus middle (c-OMBF), and the inner (c-IBF). Finally, intramuscular fat percentages (IMF) were obtained from the meat samples. Corresponding measurements from the ultrasound (u) images were similarly taken at the same 2 ribs (u-BF, u-LA, u-OBF, u-MBF, u-OMBF, and u-IBF). The correlation was greatest between u-MBF10 and c-MBF10 (0.84). Most correlations between ultrasound and carcass measurements were lower at the last rib than at 10th rib. The greatest correlation of IMF10 occurred with u-IBF10 (0.40). Ham weight and HL were more correlated with u-BF10 than with u-BF14 whereas FW was more correlated with u-BF14. The u-LA was more correlated with HW, FW, and LW at the last rib than at the 10th rib. Slaughter live weight accounted for 0.84, 0.42, 0.36, and 0.54% of the variation for the prediction of CW, HW, FW, and CLPW, respectively. The u-LA10 and u-LA14 increased the variation explained by the model up to 0.89, 0.48, 0.39, and 0.62% for CW, HW, FW, and CLPW, respectively. Including u-GBF in the models also increased the R 2 values for predicting HW, LW, HY (ham yield), and LY (loin yield). In conclusion, u-LA10, u-LA14, and u-GBF may improve weight of commercial cuts and yield prediction in live Iberian pigs.
INTRODUCTION
The meat and fat portions of the porcine Iberian breed are harvested to produce dry cured products characterized by a high sensorial quality (Ventanas et al., 2001) , mainly because of a high intramuscular fat content (López-Bote and Rey, 2004) . However, the lean meat percentage is low and carcass conformation is highly variable.
The ultrasound technique to estimate backfat and loin area in live animals is well documented and has been used to predict carcass quality and composition (Terry et al., 1989; Gresham et al., 1992; Ragland, 1998; Newcom et al., 2002; Hassen et al., 2004; Niñoles et al., 2010; Lakshmanan et al., 2012) and to predict weight and yield of main lean cuts in pigs (Cisneros et al., 1996; Dutra et al., 2001; Wiseman et al., 2007) . Some of measurements on live Iberian pig provided by ultrasound images could be good predictors of the performance of carcass and commercial lean cuts Izquierdo et al., 2010) . However, no research has evaluated the usefulness or the reliability of ultrasound measurements on live Iberian pigs to predict carcass yields. Furthermore, no research has measured backfat at the gluteus to predict the weight and yield of commercial lean cuts in Iberian pig. A study of the growth of the backfat layers of intensive breed pigs determined an association between the inner layer thickness and high location of intramuscular fat on the LM (Eggert et al., 1998 ). An increase in the innermost layer and a decrease in the outermost backfat layer should lead to a signifi cant improvement in loin intramuscular fat (Eggert et al., 1998; Newcom et al., 2005) .
Therefore, the aim of this study was to assess the correlation between ultrasound measures at the 10th and last ribs in live animals and on the postslaughter carcass to develop a predictive model to estimate the weight and yield of commercial lean cuts of Iberian pigs. Additional measures were obtained from dorsal fat at the ham.
MATERIALS AND METHODS
Animal handling followed Spanish normative (BOE, 2007) .
Animals
For this study, 241 pure Iberian pigs were used from a research farm (Research Institute of Extremadura Government, Spain). Piglets were raised indoors in standard commercial conditions until they reached a BW of 20 kg. After this period, the animals were raised outdoors in free range conditions and a restricted feeding regimen with concentrate increasing gradually to a maximum daily ration of 2.5 kg/d (as usual in this traditional system) until they were 12 mo of age and achieved a BW of approximately 110 kg (Table 1) . At this BW, the animals begin eating either a corn or concentrate ad libitum for a period of 2.5 to 3 mo (the fi nishing period), until they reached an average BW of 160 kg, which is the commercial slaughter weight (SLW ;  Table 1 ). Hams and forelegs were salted and cured for at least 21 and 9 mo, respectively.
Ultrasound Image Collection
Pigs were weighed (SLW) and ultrasonically scanned 24 h before slaughter, using an Aloka 500 machine (Aloka Holding-Europe, Zug, Switzerland) and a 3.5 MHz, 12 cm long probe (Aloka Holding-Europe). Pigs were restrained in a crate during ultrasound scanning to restrict movement and maintain a standing posture. A soft, rubbery adaptor made of Superfl ap was used between the animal and the probe to allow for an adequate contact despite the curved back surface. Images were digitalized and stored in a computer. Image measurements were conducted afterward using the Biosoft software (Biotronics Inc., Ames, IA).
Ultrasound images were collected by placing the probe perpendicular to the loin at 2 different rib locations: 1 image was obtained between the 10th and 11th ribs (10th intercostal space; Fig. 1 ) and the other was obtained just behind the last rib (14th). One additional image was taken at the gluteus muscle location (Fig. 2) . For each image, the animals were measured at the 10th rib location and the loin area (u-LA10) for total backfat (u-BF10) and the thickness of backfat layers: i) outer layer (u-OBF10), ii) middle layer (u-MBF10), iii) inner layer (u-IBF10), and iv) outer + middle layers (u-OMBF10), an extra measurement computed to distinguish those 2 layers from the inner layer, which is the last layer that develops (Fig. 1) . The same measurements were collected at the last rib location (u-LA14, u-BF14, u-OBF14, u-MBF14, u-OMBF14, and u-IBF14). Fat thicknesses were also measured (u-GMF) at the gluteus muscle location (Fig. 2) .
Carcass Data Collection
Twenty animals were slaughtered each day to facilitate the carcass study following Spanish normative (BOE 2007) . After slaughter, carcass weight with head (CW) and weight of commercial lean cuts-ham (HW), foreleg (FW), and loin (LW)-were collected. Ham and foreleg were measured with no trimming whereas the loin was trimmed and bones and all fat were removed. Yields (HY, FY, and LY) were also calculated. At the packing plant, from each carcass a half portion of loin containing 4 chops (spanning from the 11th to the 14th ribs) was extracted, chilled, and used to measure the backfat thickness (c-OBF10, c-OBF14, c-MBF10, c-MBF14,  c-OMBF10, c-OMBF14, c-IBF10, c-IBF14, c-BF10 , and c-BF14) and loin area (c-LA10 and c-LA14) at the 2 already mentioned rib locations. The intramuscular fat (IMF) content was quantifi ed according the method described by Folch et al. (1957) .
Statistical Analysis
Descriptive statistics for ultrasound and carcass measurement and Pearson correlations were calculated using the procedures (SAS Inst. Inc., Cary, NC). Similarly, commercial lean cuts weight and yield prediction equations were computed using a stepwise regression in SAS. The prediction model selected was the most right best fi t [smaller Mallows' Cp (a statistic that is used as an aid in choosing between competing multiple regression models)] model with a maximum R 2 and minimum mean square error (MSE; Kempster et al., 1982; MacNeil, 1983) .
RESULTS AND DISCUSSION
The number of observations, means, and SD of the different ultrasound and carcass measurements at the 2 anatomical rib locations are presented in Table 2 . Comparing the 2 anatomical rib location means of ultrasound and carcass measurements, the means were larger (P < 0.0001) at the 10th rib than at the last rib, except for c-IBF and c-LA. These differences between ultrasound and carcass means were larger than previously reported. Moeller (2002) reported differences of 2 mm and Moeller and Christian (1998) of 1.1 mm. In 1.77 1 u-OBF = ultrasound outer backfat layer; u-MBF = ultrasound middle backfat layer; u-IBF = ultrasound inner backfat layer; u-BF = ultrasound backfat; u-LA = ultrasound loin muscle area; c-OBF = carcass outer backfat layer; c-MBF = carcass middle backfat layer; c-IBF = carcass inner backfat layer; c-BF = carcass backfat; c-LA = carcass loin muscle area; IMF = carcass percentage of intramuscular fat.
2 Anatomical location: 10th rib = interface between the 10th and 11th ribs; Last rib = interface just behind the last rib.
both cases, ultrasound measures were underpredicted in intensive pork production. These differences between the ultrasound and carcass means in Iberian pigs may be mainly due to the large backfat means (66.93 and 81.50 mm at the 10th and 51.53 and 66.70 at the last ribs, respectively) compared with the means reported in other breeds or commercial pigs (33.70 mm in live animals and 31.40 in carcasses) at the 10th rib location (Wiseman et al., 2007) . Another characteristic of Iberian pigs is the soft consistency of the backfat. This soft backfat may make it diffi cult to accurately obtain measurement at the packing plant, resulting in larger carcass than ultrasound measurements. For this reason, u-BF, u-OBF, u-MBF, and u-IBF may be easier to measure than c-BF, c-OBF, c-MBF, and c-IBF. The loin in Iberian pigs also is not as uniformly rounded as it is in other fast growing pigs ( Fig. 1) , and the contour loin area is diffi cult to measure due to the irregular forms in the Iberian breed (both in the ultrasound image and the carcass), which reduce the accuracy of the measurement.
Relationship between Live Animal and Carcass Measurements
Pearson correlation coeffi cients between carcass and ultrasound measurements at the 10th rib location are described in Table 3 . The greatest correlation between ultrasound and carcass measurements was for the MBF layer (0.84) whereas OBF and IBF layers had correlations of 0.57 and 0.56, respectively. The correlation between c-BF10 and u-BF10 was 0.70 and between c-BF10 and LA was 0.45. McLaren et al. (1989) obtained a correlation of 0.55 for BF, Cisneros et al. (1996) obtained a correlation of 0.67 for BF and 0.46 for LA, Turlington (1990) Correlation coeffi cients between ultrasound image measurements and the corresponding carcass measurements at the last rib location are reported in Table 4 . Most backfat correlations at the last rib location were lower than those obtained at the 10th rib location, except for u-IBF14 and c-IBF14 (0.65) and for u-BF14 and c-BF14 (0.79). Conversely, the correlation between u-LA14 and c-LA14 was lower (0.35). For Iberian pigs, Daza et al. (2006) reported a correlation between u-LA and c-LA of 0.46 in pigs fed extensively and 0.58 between u-BF and c-BF at the last rib location; Cisneros et al. (1996) found correlations of 0.86 and 0.46 for BF and LA, respectively. Contrary to our results, Cisneros et al. (1996) reported larger correlations between ultrasound and the corresponding carcass measurements at the last rib location than at the 10th rib location for BF (0.67) and LA (0.56).
Correlations between ultrasound back fat layers (OBF, MBF, IBF, and BF) and IMF at the 10th and last rib locations (Tables 3 and 4) were 0.09 to 0.40 and 0.17 to 0.25, respectively. Intramuscular fat was better correlated with ultrasound IBF (0.40) than with any other fat layer. Moody and Zobrisky (1966) reported correlations between marbling score and carcass (OBF: 0.03, MBF: 0.07, and IBF: 0.29) and Newcom et al. (2005) reported genetic correlations between intramuscular fat and ultrasound OBF, MBF, and IBF of 0.26, 0.30, and 0.34, respectively, at the 10th rib location. Similar to results in the literature (Eggert et al., 1998) , our study also suggests an important association between IMF and IBF. Cisneros et al. (1996) obtained a negative correlation between u-LA and c-BF of -0.36 at the 10th and -0.30 at the last rib location, which were more negative than our results (-0.13 and -0.05, respectively). The different results may be due to the animals used in our study. We measured heavy pigs in the last fattening phase when the increase in backfat compared with growth of the loin area is larger.
At both rib locations, c-LA was negatively correlated with IMF (-0.36 and -0.25) and c-BF was positively correlated with IMF (0.43 and 0.38). These results suggest that the percentage of intramuscular fat could depend more on the thickness of backfat than loin area because lean tissue growth is less than fat tissue growth in the last fattening phase in the Iberian breed. Table 1 lists the means and SD of BW at the start of fattening, slaughtered and measurements of weight and yield of commercial lean cuts.
Association between Ultrasonic and Carcass Measurements and Commercial Lean Cuts
The results in Tables 5 and 6 describe the correlation coeffi cients between ultrasound and carcass measurements at the 10th and last rib locations with economically commercial lean cuts (weight and yield) of Iberian pigs. Ultrasound measurements at the 10th rib location are more highly correlated with commercial lean cuts weight (ham and loin) than the corresponding measures at the last rib location, except for LW with u-LA. However, except for the FW, ultrasound measurements were highly correlated at the last rib, except for u-LA. The measurement u-BF10 is signifi cantly correlated with CW (0.40) and LW (-0.38), and u-MBF10 is signifi cantly correlated with LW (-0.36). In general, ultrasound measurements are signifi cantly correlated with CW and LW but are poorly correlated with HW, FW, and CLPW, contrary to the correlations between u-LA and HW (0.97), and u-LA and FW (0.98; Dutra et al., 2001) . Regarding commercial lean cuts yields (Table 6) , ultrasound measurements at both rib locations are more highly correlated with lean meat yield than with weight. Measurements at the 10th rib location are again more highly correlated than the corresponding measurements at the last rib location, except for FY with u-BF and LY with u-LA. The u-BF at the 10th rib location showed the largest correlation with CY (-0.50), FY (-0.38), LY (-0.50), and commercial lean cuts yield (CLPY; -0.52). In general, carcass measurements at the 10th rib location are more highly correlated than the corresponding measurements at the last rib, with some exceptions for CY and HY. In addition, carcass measurements are more correlated with CY and LY than with the other commercial lean cuts weights. The c-BF at the 10th rib showed the largest correlations with FY (-0.46), LY (-0.60), and CLPY (-0.54). These results followed similar trends for the ultrasound measurements.
In general, the correlations from carcass measurements were slightly greater than the correlations for ultrasound measurements when comparing commercial lean cuts weights and yields. Moody and Zobrisky (1966) obtained similar correlations between u-OBF and c-OBF with HY (0.32 and 0.31, respectively) and between u-IBF and c-IBF with HY (0.37 in both); however, the correlations between u-MBF and c-MBF with HY were 0.30 and 0.51, CW = carcass weight; CY = carcass yield; HW = ham weight; FW = foreleg weight; LW = loin weight; HY = ham yield; FY = foreleg yield; LY = loin yield; CLPW = commercial lean cuts weight; CLPY = commercial lean cuts yield.
2 SLW = slaughter BW; u-BF10 = ultrasound backfat at 10th rib location; u-LA10 = ultrasound loin muscle area at 10th rib location; u-OBF10 = ultrasound outer backfat layer at 10th rib location; u-IBF10 = ultrasound inner backfat layer at 10th rib location at 10th rib location; u-MBF10 = ultrasound middle backfat layer at 10th rib location; u-OMBF10 = ultrasound outer and middle backfat layers at 10th rib location.
3 RMSE = root-mean-square error.
respectively. In contrast, u-OBF and c-OBF were not correlated with HY, and carcass and ultrasound medium and internal backfat measurements were moderately correlated with HY (0.27) in this study.
Estimation of Commercial Lean Cuts Prediction from Live Body Weight and Ultrasound Measurements
Final regression prediction models and related statistics for commercial lean cuts weight and yield are summarized in Table 7 . Slaughter BW accounted for 0.84, 0.42, 0.36, and 0.54% of the variation for the prediction of CW, HW, FW, and CLPW, respectively, but the variation explained for SLW on LW was nearly negligible. The addition of ultrasound measurements to the regression models increases the proportion of the total variation explained by the model up to 0.89, 0.48, 0.39, and 0.62% for CW, HW, FW, and CLPW, respectively, improving the prediction of almost all commercial lean cuts. Daza et al. (2006) reported coeffi cients for HW (0.73%), FW (0.59%), and CLPW (0.77%) for Iberian pigs feed under extensive conditions, and these values are larger than those reported by this study. It should be noted that in Daza et al. (2006) , the authors used only 22 animals, which is a small number compared with the 208 animals measured in this study. On the other hand, the results in Table 7 also indicate that ultrasound BF accounts for 0.22, 0.10, 0.14, 0.25, and 0.25% of the variation for the prediction of CY, HY, FY, LY, and CLPY, respectively. The addition of SLW and CW = carcass weight; CY = carcass yield; HW = ham weight; FW = foreleg weight; LW = loin weight; HY = ham yield; FY = foreleg yield; LY = loin yield; CLPW = commercial lean cuts weight; CLPY = commercial lean cuts yield.
2 SLW = slaughter BW; u-BF10 = ultrasound backfat at 10th rib location; u-LA10 = ultrasound loin muscle area at 10th rib location; u-GMF = fat thickness in gluteus; u-IBF10 = ultrasound inner backfat layer at 10th rib location; u-OBF10 = ultrasound outer backfat layer at 10th rib location; u-MBF10 = ultrasound middle backfat layer at 10th rib location.
other ultrasound measurements to the regression model increases the proportion of the total variation accounted for by the model by up to 0.33, 0.15, 0.33, and 0.31% for CY, HY, LY, and CLPY, respectively. Similarly, Daza et al. (2006) reported determination coeffi cients of 0.23 and 0.32% for HY and FY, respectively. Both of these results are larger than our coeffi cients. In commercial low weight pigs, Gresham et al. (1992) obtained an R 2 for total cut weight and yield of 0.75 and 0.35%, respectively (greater than our R 2 for similar traits). The same stepwise regression analyses were performed for ultrasound measurements at the last rib location, but none had better prediction ability than ultrasound parameters at the 10th rib location, and for this reason, the results are were not shown.
The results in Table 8 summarize regression models for carcass weight and yield, including the same ultrasound variables at the 10th rib location plus an ultrasound measurement of backfat at the gluteus location (u-GMF). Including this variable in the prediction model reduced the data to 93 animals but resulted in an R 2 for HW, LW, HY, and LY of 0.58, 0.42, 0.29, and 0.43%, respectively, which considerably improves the prediction of these commercial lean cuts compared with results obtained with the model depicted in Table 7 . Terry et al. (1989) concluded that fat measurement at the gluteus medius was one of the most appropriate variables to predict the percentage of lean cuts, similar to our results.
Improving production effi ciency without decreasing the dry cured product quality is very important for the Iberian pig sector. However, collecting information on carcass composition or intramuscular fat has not been easy. The currently available tools, such as the use of ultrasound on live animals, enable us to obtain information in an effi cient and manner.
The results from this study reveal that the ultrasound measurements at the 10th rib location may not predict HW, FW, and LW with acceptable accuracy. However, including fat thickness measurements at the gluteus medium location would considerably increase the prediction accuracy. Specifi cally, the prediction accuracy of HW, LW, HY, and LY would be improved. Therefore, more research needs to be performed on the anatomical locations that are more related to carcass meat cut prediction to adapt ultrasound technology for Iberian pigs. If this technology is improved, ultrasound technology may be adopted to predict important meat cuts.
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